Visual rehabilitation therapy is one of the most problematic issue in stroke rehabilitation. The difficulties consist in specific assessment of visual deficit and poor results reports by the authors of the clinical studies. Opposite, experimental studies reports encouraging results that give hopes in this specific rehabilitation therapy. There are still difficult to analyze different aquisitions concerning various visual residual deficits after stroke, the main rehabilitation targgets being motor rehabilitation in order to ensure at least a partial autonomy in day by day life. All the studies that proved there are chances for a better quality of life if there is an improvement of visual abilities together with motor and cognitive skills with a better rehabilitation prognosis. The aim of this paper is to make a brief report regarding two of the most important visual deficits after stroke as are homonymous hemianopsia and neglect. Starting with differential diagnosis, neuroplasticity and specific rehabilitation available method, the main issues are discussed. a better understanding of phenomena that are associated with spontaneous rehabilitation, or enhancing the progress of recuperation by various method, could be able to bring a new light and hopefully better results in rehabilitation for these patients
Introduction
Homonymous hemianopsia (HH) is one of the most common disorders following ischemic stroke, usually associated with post-chiasmatic lesions, which has serious impact on motor rehabilitation, visual skills, driving, reading, and self-care activities (1). Transitive hemianopsia that are followed by spontaneous recovery can be associated with high levels of glycemia or hypertension and with other neurological conditions as are transient ischemic attack, migraine, occipital, parietal or temporal seizures, hemorrhagic stroke, brain tumors or trauma, demyelination process, antiphospholipidic syndrome, central nervous system infections or Alzheimer's disease (2-7). An important step in recognising hemianopsia is the differential diagnosis with hemineglect disorders that can both followed after stroke onset. For this differential diagnosis there is needed to take in consideration some important elements as are: subjective complaint of the patients, aetiology and localisation of the lesion, extension of the visual deficit by clinical examination, specific visual field testing techniques for diagnosis of visual blindness (scotoma) or other types of visual field defects (8). The perimetry results depends on patient attention and understanding the tasks, fixation maintaining ability, and the examination accuracy. automated perimetry, most used in clinical practice can offer important information useful for differential diagnosis (9). Improvement of HH after stroke can constitute a serious challenge with an impact on entire rehabilitation strategies and results, especially in ischemic stroke patients. Despite the fact of high reported prevalence of visual disabilities associated with stroke (approximately one third of patients present visual disorders after stroke), the visual rehabilitation therapy is inconsistent and has no precise milestones that can constitute a real protocol in stroke rehabilitation therapies schema (10) . Moreover, visual field deficits is relatively undervalued in the clinical setting due to poor prognosis and imprecise results after different rehabilitation methods (11) . HH persistence is a negative predictor for patients outcome despite the motor and speech rehabilitation therapies efforts (12) . It is possible that adding a systematic vision rehabilitation to other methods for stroke rehabilitation could consistently improve patient's quality of life (13, 14 scientifically communities, therefore, clinical approaching was not constant followed, and there is no consensus regarding the methods and therapies applied in this form of visual disabilities. There are also only few studies regarding different methods applied for HH rehabilitation with various approaching that have a common technique of repetitive exercises of a special visual task that can hopefully stimulate the visual spared abilities in order to reach a performance that can be useful in improving day by day activities (12) . Unfortunately, during these therapies, patients expectations are high, and they are followed by a decline after their hopes are not accomplished (15, 16) . Despite of these concepts there are reports that showed that visual field defects can be partially reparable and certain degrees of deficiencies can be improved (17, 18) . Improving HH together with motor skill, based on various strategies, can constitute a serious background for developing more detailed rehabilitation strategies that could lead to and partially or even total indepented life in stroke patients (15, 19) . Patient who suffered an acquired visual disability as is hemianopsia have to make dramatic behavioural and compensatory adjustments in order to trying to keep their independence in a world strongly relied on visual stimuli. Understanding the function of the visual system in and neuroplasticity phenomena can be an important step toward a better rehabilitation of these patients, improving their outcome chances, and finally their life quality. Unilateral spatial neglect (USN) consist in unresponsiveness to any visual or tactile stimulus on one side of the body (contralateral side defect), that cannot be attributed to sensory or motor deficit (20) . This condition is associated with lesions in the right hemisphere, particularly in the right hemisphere (inferior parietal lobe, superior temporal gyrus and/or inferior frontal gyrus) and with poor prognosis (21) . There was reported that approximately 85% of the patients with subacute or acute ischemic lesions associated with stroke, presents variable grades of USN, and there is no universal agreement concerning the assessment methods for USN evaluation (22) . Topographical evaluation of the lesions showed that neglect was more common and severe in posterior associated cortical lesions, and behavioural assessment as is automatic right side orientation was the most sensitive clinical estimation of USN (22) . Clinical presentation of the patient is leading to a confusion with HH at the first evaluation of the patient, but a detailed observation of the patient concerning spatial orientation is concluding to a correct diagnosis. The automatic tendency orientation toward the right side of their environmental space, in the presence of a visual stimuli constitute a strong indicator of USN. The role of gaze direction in USN seems to be a particular mechanism used by the patient in order to adapt to USN (23) . The gaze can be processed despite the fact the patient is unable to attend to it, being attributable to residual abilities in sensorial processing function that can modulate attention toward the left side of the environmental space (24) . Despite the fact the initial evaluation can be interpreted as an artefact associated with clinical presentation of the patient due to ischemic lesions, a careful clinical and imagistic evaluation may conclude to a correct diagnosis of USN. The grade of spatial perception can be also variable, according with the possibility to partially compensate the defect by residual functions. If the damage produced by ischemia is large and a cystic region is forming in the place of ischemic tissue (where the neuronal death was produced) as the consequence of stroke, the rehabilitation process is expected to be very poor (25) . The aim of this paper is to emphasize the main rehabilitation techniques in HH and USN rehabilitation, based on physiological support of visual system in brain circuitries, on plasticity and reorganisation proprieties of neuronal networks and on individual patients abilities to improve their conditions, according with cognition, age and stroke features.
Ethiopathogenesis and functional impact
The main ethiopatogenetic factors associated with HH are represented by ischemic stroke, mainly associated with brain lesions in posteriors cerebral artery territories and middle cerebral artery territories (26) , but can be also associated with traumatic brain injury or brain tumors and cerebral infectious disorders (27) . Moreover, the visual field defect it is associated with motor, sensory, cognitive deficits and/or aphasia or depression. All of these disabilities contribute alone and together to a serious impairment of life quality, constituting an vicious circle, that consist in aggravation one each other, and being, in this way, difficult to improve. After an ischemic stroke, motor deficit can be serious negatively influenced by visual disabilities (Barthel index that measure the performance in activities of daily living decreasing when visual disabilities are associated), quality of life being more affected in young patients than in older ones (28) . High dependency in day by day activities and depression that are persistent at 3 years after stroke onset, are factor that have a major contribution to a low quality of life in stroke survivors (29) . The mood and emotional disturbances may be treated or prevented by improving of rehabilitation progress (regarding motor/sensorial/visual disabilities) in a period of 1-2 years after stroke onset decreasing the stressor factors in stroke survivors and essentially contributing to the quality of life (30) . Neglect it is mainly a consequence of disrupted internalized representation of the environment perception with associated cortical and white-matter tracts dysfunction having as a consequence an interhemispheric lack of communication and manifested as neglect in clinical assessment (most used test for clinical assessment test are Catherine Bergego scale, line bisection test and star cancellation test) (31) .
Neuronal plasticity and reorganisation of neuronal networks
In general, spontaneous improvement of HH occurs in about 50% of stroke survivors, in the first 1-3 month after injury (32) . After 6 months spontaneous recovery need to be interpreted with prudence because significantly improvement is improbable (32) . Spontaneous recovery is based on a cascade of event that follow after ischemia onset and consists in molecular, cellular and electrophysiological changes which will enhance neuronal recovery. All of these phenomena are triggering cortical reorganisation and regeneration being the background of functional neuronal recovery. Experimental studies showed that these events begin very early, in few hours after stroke onset, reaching a peak in 7-14 days and being nearly complete in approximately 30 days. Evidence from animal studies shows that after ischemic injury, a cascade of genetic, molecular, cellular, and electrophysiological events is triggered which promote neural recovery. Together, these events drive cortical reorganization and regeneration, and provide the neural substrate for spontaneous recovery. In rodent models, these events begin within hours after stroke, peak at 7-14 days, and are nearly complete at 30 days (33) . Recovery continue in the next month but more slowly, therefore became important to accelerate and improve recovery in the first 30 days after stroke (34, 35) . There are various difficulties in clinical practice to realize this goal due to instability of some patients in the first 14 days after stroke. In the meaning time there are reports that sustain that active rehabilitation in the first 24 h is dangerous and can be harmful (36) . One of the mechanism associated to recovery after stroke consists in axonal sprouting in cortical areas adjacent to infarct being detectable with anatomical mapping of cortical circuits (demonstrated by immunohistochemical staining patterns of axonal proteins, such as neurofilaments or synapse-associated proteins) one month after the stroke but the signal that initiates axonal sprouting is not known (37, 38) . After the recovery reach the point where from the acquisitions are very slow, the patients can concomitant develop a deformed perception of the visual field (spherical deformation of the objects at the edge of the blind visual field). The hypothesis enhanced was that cortical reorganization can occur in the human adult visual system after loss of cortical input as a consequence of cortical reorganization (39) . There are several reports that sustain that the V1 area has the possibility to exert plasticity phenomena and thus to recuperate, at least partially, functionality (40, 41) . The same process is taking place in old patients that present an age related macular degeneration develop a large scale reorganisation of visual cortex after deafferentation due to the lack of visual stimuli that can arrive at visual cortex and (42). There is unreported evolution of the patients where the homonymous hemyanopsia is superimposed on a retina with age related macular degeneration. Anyhow, multiple causes that can affect the visual perception (ophthalmological causes and neurological causes), when are present in the same patient, can decrease considerable the rehabilitation outcome and can constitute together a poor prognosis for targeting an independent day by day life. Stroke recovery is based on the new system of neuronal connections or on the functional properties of neurons in a recovering area (43) . Regarding the USN rehabilitation, the functional outcome depends on neglect type: personal, peripersonal and extrapersonal. Spaccavento at all reported that there are very variable rehabilitation grades of patients with neglect (that can have differed in motor and cognitive deficits at admission and discharge) according with the patient's age and lesion extension (44) . Methods for homonymous hemianopsia rehabilitation Current knowledge offer four main strategies for HH rehabilitation: replacing partially the damaged visual field with intact visual field by prisms (optical therapy), partially restoring the lost visual field (restorative therapy), stimulating detection capacities in blind visual field (stimulation therapy) and reorganisation of visual function by eye movements in order to enlarge the cortical regions for visual perception (compensatory therapy) (12, 45) . 1. Optical therapy -consists in applying optical devices that can deviate the blind visual field toward the functional intact visual field, offering to the patient a correction with prismatic lenses. A high power prismatic lens (30-40 dioptre) is orientated towards the hemianoptic field, at about the level of the limbum (46) . By peripheral location of the prism will lead to peripheral exotropia that will put the object from blind field into the normal functional field, enlarging the degrees of perception in blind field with about 20 degrees (47) . Lower dioptre (D) prismatic lenses as are those below 20 D can only provide about 10 degrees of enlargement for blind visual field (48) . The long term success rate of optic therapy applying, with prismatic lenses correction, is very variable as is reported by Bowers at all (27 -81%) from very low to good compliance (47) . The main reasons for low compliance were the anxiety of the patients due to sudden visibility of some objects in the visual field, and consequently, confusion and anxiety (47) . Other objections that decrease the compliance are difficulties to reading with this optical correction (very often due to necessity of bifocal correction), difficulties to step on descending stairs (may produce diplopia) (47) . There is also important to take in consideration the costs for Fresnel prisms that are used as a permanent correction in optical therapy for homonymous hemianopsia (49) . There are also patients that can have a good toleration of prismatic lens correction that means that are already used to wear and they don't need to change the head position and posture of the body, in order to get a better image of the environmental visual field. There is a study that reported that approximately 15-17% of the patients do not meet the criteria for prismatic lens correction, due to low tolerance (withdrew in the first week) or due to the reason they were not eligible ; the rest of participants in Bowers at al study confirmed that prism correction helped them to avoid obstacles during mobilisation (47) . Monoocular prism correction should be taken in consideration for the patients who present age related macular degeneration in an advanced stage (50) . Based on acceptance of these devices (Fresnel prism) optical correction of visual field defect can constitute a modality to reduce the patients visual discomfort during the rehabilitation process. There are needed more studies to prove the reliability and efficacy of prismatic correction for these patients due to multiple disabilities that they presenting at the time of the admission into the hospital, that can constitute a serious burden from physical and psychological point of view. Anyhow, this treatment can bring a hope for improving patient condition during the rehabilitation therapy, being one of the reachable improvement of functionality in stroke patients. 2. Restorative therapy -is based also on the brain plasticity and on its ability for reorganisation after an injury. Training the patient to perceive the light at the limits between blind visual field and healthy visual field an enlargement of 5 degrees can be obtained (8).
The stimulation of the border zone between blind visual field and healthy visual field can lead to neuronal plasticity and neuronal network reorganisation but the proves in this direction are inconsistent. The difficulties to objectify this theory are based on different devices for visual field assessment in clinical trials and inconsistent results (12) . Therefore visual restoration therapy remains controversial and the scientific community has a high grade of scepticism regarding its results. 3. Stimulation therapy -consists in stimulation of existing visual capacities in blind visual field by training the patients to detect visual stimuli targeted on the spared area in the blind visual field. The stimulus consists usually in a flickering light that has to be detected by the patients. After one year of intensive training some authors reported the ability of the patients to identify the lightening stimuli and, in the same time, an expansion of visual field of 20 degrees (46) . There are sceptic approaching of these results due to lack of indication of the topography of the lesion during these reports, and due to lack of evidences of brain plasticity that can support the findings. More studies are needed to transpose the animal studies that proved brain plasticity due to visual rehabilitation process to the human subjects, therefore at the moment are interpreted as speculative (51, 12) . 4.Compensatory therapy -saccades (alone or with auditory stimulus together) -consists in training the patients daily during a long period of time. The method consists in training the patient's to perform saccades in the blind field, in order to enlarge the area of perception, together with enhancing the spatial organisation of ocular movement toward the hemianoptic field, by increasing the number of fixations toward the visual field (usually the method consist in stimulation of flashing stimuli vision) (12) . The basis of this visual achievement is changing the brain activity by activation of striate and extra-striate cortex and increasing their performances (12) . Methods for unilateral spatial neglect rehabilitation The interest for unilateral spatial neglect rehabilitation is specially directed toward rehabilitation of left spatial neglect after ischemic stroke in right hemisphere, which is more common and more often associated with left hemisphere stroke (52) . The techniques are variable and consists mainly in different approaching. One of the technique is based on the stimulation of gaze direction toward left using top-down stimuli that are variable in intensity, number or duration for about 20 hours of training due to 20 days (53). Other rehabilitation methods are using ascending sensory stimulations as are vestibular stimulations, optokinetic stimulations and electrical stimulation of the neck muscles with good results (54) . A new and promising methods for unilateral spatial neglect rehabilitation consist in transcranial magnetic stimulation and transcranial direct current stimulation that are non invasive technique with encouraging results (55) . The fundamental theory that is the basis of these method consist in creating a competition between left and right hemisphere with enhancing the activity of right hemisphere in order to reduce the unilateral spatial neglect in right hemisphere lesions (56) .
Future perspectives
Despite the fact the methods regarding homonymous hemianopsia and unilateral spatial neglect rehabilitation are different, they have one common concept as is stimulation of cortical residual functions for new perception in order to reduce the blind deficit in visual field. This concept is based on neuroplasticity of neuronal network that prove the learning process of the brain can be continued in adulthood and can constitute a starting point for various abilities rehabilitation that disappeared after lesions. There are needed more clinical studies in order to organize the methods proved to be efficient in this patients in order to establish a clinical valuable protocol. Novel techniques as are transcranial magnetic stimulation and transcranial direct current stimulation could bring a new hope for the patients who suffer from these deficits that could impair seriously their entire rehabilitation progress.
Conclusions
Further development of these strategies, based on experimental and clinical studies are needed. Interdisciplinary team that is specialized on different types of training for patient rehabilitation needs to collaborate for the best results. All the data reported are promising and their implementation and future development can significantly improve the quality of life for stroke patients survivors.
